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Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. INTRODUCTION -The Defense Waste Processing Facility (DWPF) at the Savannah River Site is required to determine and report the radionuclide inventory of its glass product. This requirement is given as Specification 1.2.2 in the Waste Acceptance Product Specifications for Vitrified High Level Waste Forms (WAPS) of the U.S. Department of Energy's Office of Environmental Restoration and Waste Management, [ll] , The DWPF will take the following steps to meet this requirement. For each macro-batch, the DWPF will report both the total amount (in curies) of each feportabie , . radionuclide and the average concentration (in curiedgram of glass) .of each reportabl'e: .
radionuclide.' The DWPF is to provide the estimated error of these reported values of its radionuclide inventory as well.
The objective of this document is to provide a framework for determining the estimated error in. DWPF's reporting of these radionuclide inventories. This report investigates the impact of . random errors due to measurement and sampling on the total amount of each reportable radionuclide in a given macro-batch. In addition, the impact of rhese measurement and sampling errors and process variation are evaluated to determine the uncertainty in the reported average concentrations of radionuclides in DWPF's filled canister inventory resulting from each macro-batch.
--..
SUMMARY
, For each macro-batch, DWPF is to determine estimates of the average concentration and the total curies for each reportable {adionuclide. One of two methods is to be used to derive an estimate of the concentration for each of these radionuclides for each batch within the macrobatch, A propagation of variance for each of these two ,methods is completed, to estimate the variance of.the total error affecting these derived values. In this analysis,the errors considered reflect only random variation ( both within and between batch) and, -where appropriate, process variation. Process variation is due to any steps taken during the processing of a batch that influence the concentration of a radionuclide of interest. The processing effects ar.ee'not necessarily random but are due to the natural'variation of the DWPF process (they are assumed to be a representative set of the effects due .to such processing).
-.
ESTIMATING.RADIONUCLIDE CONCENTRATIONS
There are two methods for deriving estimates of the radionuclide concentrations for each batch 'of slurry comprising a DWPF.macro-batch: the direct and the indirect methods. Only one of these two methods is to be used for each of the radionuclides of interest.
Direct Method
Some radionuclides are present in high enough concentrations to be measured directly in the DWPF laboratory. The concentration for each of these radionuclides will be measured in a sample from each Melter Feed Tank (MFT) batch.. can be computed from . the uncertainties of the appropriate procedures (sampling, which-includes inhomogeneity of the MFT contents, and analytical, which includes sample preparation) used for the determination of Between any two batches of the macro-batch, thf random errors affecting the corresponding concentration measurements are assumed to be independent. For example, there should be no systematic influence from the calibration of the instrument(s) used to make the concentration measurements over two or more batches; that is, these instruments should be recalibrated before being used to make the concentration measurement for each batch.
However, there is variability in the radionuclide concentrations between batches, a batch-tobatch variability, due to random errors or process variation which are independent of the first set of errors, and which are also independent from one batch to the next. These random errors are 'due to such factors as the inhomogeneity of the feed tank; and the process variation is due to . any steps taken during the processing of the batch that influence the concentration of radionuclide R. The processing effects are not necessarily random but are due to the natural variation of the DWPF process (they are assumed to be a representative set of the effects due to such processing). ) is given by the product
, *
Since there are b batches in the macro-batch; there will be b values of Ci,R for each radionuclide R in a given macro-batch. The sum of these values represents the total curies of radionuclide R
.. "in .. the macro-batch. This sum is expressed by the equation
Since the values on the right-hand side of equation (4) are measured quantities, they are subject to various sources of error that plague these measurement processes. The uncertainties for each Ci,R have already been discussed including the errors associated with the sampling (e.g.,
MFT inhomogeneity) and analytical (including preparation and instrumentation) procedures. For a given batch i, the errors associated with the Ci,R and wi measurements are assumed to be correlated, and the errors associated with vi are assumed to be independent of the errors of -these other two measurements. These are the errors influencing the measurements for each .. The errors associated with one MFT batch, i, are expected to be independent of all the other batches making up the DWPF macro-batch. The independence of the errors across batches implies no systematic influence from tank volume calibrations or from instrument calibrations; specifically, the instruments used to measure th? ci,R and wj for batch i are to 'be recalibrated before being used to measure these. d u e s for batch i+l. .
Since Ci,R is the product of random variables (as given by equation (4) ), the approach provided .
by Goodman in '[2] and [3] was considered .as a possible method for estimating the error. variance of ..CI,R in .equation (3) . ' However, the more general method of variance or error ' ' propagation (see reference [4] ) was selected for use here fo,r consistency sinc,e it is appropriate for this situation and handles the more complex relation,ships derived from the indirect method.
A variance propagation approach, basedm a Taylor series expansion,'is used for estimating the error variance of the total content of radionuclide R, c,, in equation (4) C0V(cj,,,wi) .to the variable Z, represents the random error variance for Ci,R ,for batch i, represents the random error variance for wi for batch i, represents the random error variance forVi for batch i, and represents the random, error covariance for cj,R and wj for batch i.
Taking the partial derivatives leads to the following estimate of the error variance of the total radionuclide content, c,, for the macro-batch . ' June 5,1995 .
Page 5 of 12 . WSRC-TR-95-0094 The concept of a hypothetical population of possible concentrations for a given macro-batch also is to be used, since an estimate of the variance of this population is of interest. A s j n section . 3.1.2 above, there. are within-batch and between-batch errors associated with the uncertainty of the set of b Ci,R values computed using equation (7) for a macro-batch.
. . . .
First, consider the within-batch variance of ci,i, which is to be denoted by Vari(Ci,& Some of .
the errorsxontributing to the uncertainty of the ,quantities in equation (7) are expected to be , correlated, Specifically, the error for Cstream, R is expected to be correlated with the error for each of the citream a's, the errors for the Cstream , a 's are expected-to be correlated with. each other across the a's, and the errors for the C i , a '~ are expected to be correlated with each other across the a's but not across the i's.
Using the variance propagation-approach (and its $ssociated notation) leads to the following equation for: vari(Ci,R):
d Evaluating the partials of equation (8) 
a=l* Citream,a
Averaging t h e vari (Ci,R) values computed over t h e b batches of t h e macro-batch provides a n .estimate of the within-batch variance of the underlying population of the ci,R values for the macro-batch, denoted by var, ( Ci,R ). Thus,
I .
The between-batch variability of the concentrations of radionuclide R is reflected in the variation for the average concentration, c.,R , for,a macro-batch for a radionuclide R computed using the indirect measurement process.
-. .
Total Radionuclide Content For a Macro-Batch
Another possible format for reporting the radionuclide inventory for a macro-bakh is to report the total content (in curies) of the radionuclide for the macro-batch.
Using the notation developed above and letting c, represent the total curies of radionuclide R in the macro-batch, then This is the quantity to be reported to represent the total content (in curies) of radionuclide R in a given macro-batch.
In addition to the correlations already described for :ne model given by equation (7), the errors * for the c~,~' s may be cdrrelated with the error in wi for each batch i in equation (13 ..
The approach presented in this memo assumes that all of the measurements will be corrected * for known biases associated with vessel uniformity, sampling, and analysis. If not accounted for . or if steps are not taken (such.as recalibrating instrumentation between MFT process batches), the systematic errors from these sources could be significant contributors to the overall uncertainty. In th,is analysis, the errors considered reflect only random variation.
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